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Abstract 
In order to reduce the development cycle of mechanical products and corresponding toolings, a large number of components 
are utilized in these structures. Accordingly, automatic location method for components is a key issue in the research on intelli-
gent computer aided design (CAD) techniques. Integrated with the investigation into intelligent design techniques for aircraft 
manufacturing toolings, in-depth researches on this issue are conducted. Formalized automatic location principles, representative 
methods and implementation algorithms are proposed and established. First, several terms and their formalized representative 
methods including process condition, location base and location operator are defined. Second, computation modeling of compo-
nents automatic location and methods of location transformation are proposed. Then, definition of base structure and some key 
algorithms for automatic location are introduced. These principles and algorithms are developed, applied and verified in research 
project “Jig Intelligent CAD (JigICAD) System”. 
Keywords: computer aided design (CAD); tooling; algorithms; intelligent CAD; process conditions; fixture design 
1. Introduction1 
Fixtures are among the most popularly used toolings 
in manufacturing industry. The proportion of fixture 
design and manufacture cycle in the production prepa-
rations for new products is great and the corresponding 
costs can account for 10%-20% of the total cost of a 
manufacturing system[1]. Therefore, it is significant to 
increase automation and quality of fixture design so as 
to shorten the development cycle of innovative product 
and lower development costs. 
Intelligent fixture design technique is the most ef-
fective method to improve the level and quality of 
automatic fixture design and it becomes an important 
branch of researches on computer-aided intelligent 
design technology since the 1980s. 
Currently, the main research approaches and 
achievements are to directly apply various intelligent 
techniques to the development process of fixture de-
sign systems. The common intelligent methods include 
artificial neural network[2-3], case based reasoning[4-6], 
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genetic algorithm[7-9], expert system[10-12] and other 
knowledge-based system[13-14]. These methods are 
mainly utilized in fixture solution design and optimi-
zation, including configuration of locating/clamping 
positions, calculation of clamping force, layout and 
optimization of fixture components, etc. However, as 
for some functions such as how to automatically im-
plement three-dimensional (3D) modeling of fixtures 
and their associated parts and components, load of 
standard components, location of components etc., 
these approaches have distinct deficiencies. Therefore, 
in the research of intelligent design techniques for air-
craft assembly fixtures, G. L. Zheng, et al. have ever 
conducted some preliminary investigations and pro-
posed several new concepts such as possible location 
areas of standard joint locators[15-20]. With the defini-
tion and calculation of possible location areas, stan-
dard joint locators can be automatically loaded and 
located, which provides a key technique to finally 
automatically design aircraft assembly fixtures. With 
further investigation and extension of specialization, it 
can be seen that possible location areas can only be 
used to design standard joint locators of aircraft as-
sembly fixtures; it is still improper to be used to design 
other types of standard components of different func-
tions. Hence, it is necessary to investigate and estab-
lish new methods of general significance to automati-Open access under CC BY-NC-ND license.
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cally locate standard components. 
Integrated with the development of Jig Intelligent 
CAD (JigICAD) system, this article intends to investi-
gate general principles and methodology for automatic 
locating components. Several terms related to auto-
matic location of components and their representative 
methods are defined in Section 2; Accordingly, Section 
3 presents a detailed description of the principles of 
automatic locating components, whereas a base calcu-
lation model is established firstly and then locating 
transformation of components is accomplished with 
space mapping and geometric transformation; A set of 
implementation algorithms for automatic locating 
components and corresponding applications are intro-
duced in Section 4, while several base structures are 
defined firstly and some key algorithms for base com-
putation are proposed and their applications in the de-
velopment of JigICAD are also described. 
2. Terms and Concepts 
In order to accurately establish the automatic loca-
tion principles for components, some terms are intro-
duced as follows. 
2.1. Process condition 
In fixture design, usually specify a set of geometric 
elements such as points, directions, lines, axes, planes, 
holes, etc. (expressed as ci (i=1,2,…,m)) on fixture or 
workpiece to load and assemble a component. This set 
of geometric features is called process condition for 
component, represented as c with the following struc-
ture:  
 1 2( , , , )mc "c c c              (1) 
where ci (i=1,2,…,m) is called process element, and m 
is the dimension of process condition. 
2.2. Location base 
On each component, a set of geometric elements 
(including points, edges, surfaces and holes, denoted 
by gi (i=1,2,…,n)) is generally identified to define the 
location and orientation of this part in the assembly 
space. This set of geometric elements is called location 
base of component, represented as b with the follow-
ing structure: 
 1 2( , , , )nb "g g g           (2) 
where gi (i=1,2,…,n) is the component of b, n is the 
dimension of b. If gi (i=1,2,…,n) is defined in its own 
space of component, b is called component base of this 
component expressed as 
 cc c c c1 2( , , , )nb "g g g         (3) 
If gi (i=1,2,…,n) is defined in an assembly space to 
which the component belongs, b is called objective 
base of this component expressed as 
 oo o o o1 2( , , , )nb "g g g            (4) 
In view of not affecting the practical application and 
convenience of calculating location, for the same 
component, it is assumed that the relationship between 
Eq.(3) and Eq.(4) meets the following conditions. 
(1) bc and bo have the same dimension, i.e. nc = no. 
(2) cig and
o c o( 1,2, , ( ))i i n n= "g belong to the same 
class, i.e. their geometric type are identical. 
According to the locating mode of 3D object in 
space, with necessary calculation, Eq.(2) can be trans-
formed into  
 b b( , )b o x                (5) 
or 
 b b b( , , )b o x y               (6) 
where ob, xb and yb are the point and two orthogonal 
unit directions respectively. The form like this is called 
base normal formula (BNF). A BNF virtually defines a 
normal local space or a local coordinate system, there-
fore, the procedure to locate component is geometric 
space transformation in essence. 
2.3. Component operator 
While loading and assembling components, the 
components in Eq.(1) and Eq.(4) cannot establish 
one-to-one relationship, but the following relational 
expression constantly holds true: 
 m n≤                 (7) 
That is to say, the dimension of process condition is 
not greater than that of objective base, because one or 
more components of objective base g can be acquired 
from one process element c, i.e. 
 ( )G e c=                (8) 
where G is aggregation of a set of geometric objects, 
i.e. 
1 2{ , , , }lG = "g g g  
All these geometric objects gi (i=1,2,…,l) are the 
components of c. Eq.(8) is called extraction formula 
for geometric components in process elements. e is 
component operator. Eq.(8) creates conditions for 
simplifying interactive operation of components loca-
tion, i.e., by specifying few process elements to define 
and generate all objective base components to auto-
matically locate components. 
2.4. Location formula 
As for a component, the procedure to create the re-
lationship between its component base and objective 
base is named location of this component, represented 
as  
 o c( )b L b=                (9) 
This equation is called location formula, where L is 
location operator or L operator. The geometric signifi-
cance of Eq.(9) refers to performing L operation upon 
component base to make its component gc and the 
corresponding objective base component go coincide 
with a given relationship r, expressed as gcrgo, where r 
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is defined as 
 
,  coincident with
,  equidirectional with 
r
⇒⎧= ⎨↑↑⎩
      (10) 
According to the degrees of freedom of located 
components, location modes of components can be 
classified into two types. 
(1) Well-located. It means that located component 
has no degree of freedom, i.e. the so-called “fixed” 
generally. The required BNF of this kind of location is 
shown in Eq.(6), and the location result is specified as 
follows: let components between component base 
c c c c
b b b( , , )b o x y and objective base
o o o o
b b b( , , )b o x y coin-












              (11) 
In general, this kind of location is also named bi-
nary-vector location and its location operator L is des-
ignated as binary-location operator. 
(2) Under-located. It means that located component 
has some degrees of freedom. For example, as a com-
mon location mode “hole-axis fit”, its BNF is shown in 
Eq.(5), and the location result is specified as follows: 
let components between component base c c cb b( , )b o x  









             (12) 
In general, this kind of location is also named mo-
nadic-vector location and its location operator L is 
called monadic-vector operator. 
3. Automatic Location Principles 
As for the same component, its component base is 
relatively fixed; moreover, all the base components can 
be calculated by corresponding numerical computa-
tional equations. These equations are created by inter-
nal and external parameters of this type of compo-
nents. Comparatively, objective bases are defined by 
the process conditions, i.e., extract every component of 
process elements with component operators and then 
operate these components to work out solutions. In the 
process of tooling design, objective bases are deter-
mined by specifying process conditions, and the prob-
lems are finally resolved by the homologous relation-
ships between component bases and objective bases, 
i.e., by implementing L operator in Eq.(9), the compo-
nent is transformed from its own design space into an 
assembly space and then eventually located exactly. 
This procedure is called automatic location of compo-
nents. The fundamental principles for automatic loca-
tion of components are introduced as follows. 
3.1. Base calculation model 
As shown above, the component base of a compo-
nent can be directly calculated by a set of numerical 
expressions, for example, the computational structure 
of BNF (Eq.(6)) is 
c c
b 1 2 3( ( ( ), ( ), ( )),b P P Pϕ ϕ ϕo  
c
b 4 5 6( ( ), ( ), ( )),P P Pϕ ϕ ϕx  
      cb 7 8 9( ( ), ( ), ( )))P P Pϕ ϕ ϕy          (13) 
where ϕi(P)(i =1,2,…,9) is a numerical expression, P 
is the aggregation of internal and external features of 
this component. Comparatively, the computational 
method of objective base is more complicated. Its 
components can hardly be calculated by a set of nu-
merical expressions, thus it is necessary to construct a 
complete computational procedure for the whole base, 
expressed as 
 ( ) ( 0,1, , )i i iG i l= = "g ψ         (14) 
where subscript i represents the computational order of 
every algorithm, gi the calculational result, viz., a new 
geometric object or number; ψi defines the operational 
method of Gi, i.e., computational method of gi. Gi is 
defined as 
 0 1 2
1 1
{ , , , }




G G i l− −






where ci (i=1,2,…,m) is the process element defined in 
Eq.(1) and every component of objective base 
o o( 0,1, , )j j n= "g (referring to Eq.(4)) meets the fol-
lowing condition 
 o 1j lG +∈g               (16) 
The equation like Eq.(14) which satisfies Eqs.(15)- 
(16) is named computational model of objective base. 
In Eq.(15), besides component of objective base, Gl+1 
may contain other elements named intermediate ob-
jects. By introducing intermediate objects, repeated 
calculation in objective base computation is avoided 
and the computational method of base is also simpli-
fied. Intermediate object is not geometric object in all 
cases, for instance, the dot product of two directions is 
a number. 
The algorithms defined in Eq.(14) are uniformly 
expressed as  
( )G=g ψ               (17) 
As ψ possesses the same operational and creative 
capabilities as geometric object, Eq.(17) can also be 
called geometric formula. Similar to numerical calcu-
lation formula, the structure of ψ can be defined as 
follows: 
〈geometric formula〉::=〈operand〉|(〈geometric for- 
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mula〉)|〈unary operator〉〈geometric formula〉|〈geometric 
formula〉〈binary operator〉〈geometric formula〉 
〈operand〉::=〈numerical value〉|〈geometric object〉| 
〈geometric object component〉 
〈geometric object〉::=〈point〉|〈direction〉|〈vector〉 
    |〈line〉|〈surface〉|〈hole〉|… 
〈geometric object component〉::=〈geometric ob-
ject〉.〈component〉 
〈component〉::=Point|Center|Direction|Normal| 
     CenterLine|Lx|Ly|Lz|ALx|ALy|ALz 
〈unary operator〉::=- 
〈binary operator〉::=+|-|*|**|&|cfx|cfy|cfz|val|… 
where “operand” has two types: one is numerical type 
such as the definition parameters of component, the 
coordinate components of point, the length of line, etc; 
the other is geometric type including all kinds of direct 
and indirect “geometric objects” such as the position 
and orientation of vector, the normal vector of plane, 
the central axis of hole, etc. The significance and pri-
ority definition of all the “operands” are shown in   
Table 1. The priority number from the minimum to the 
maximum represents the priority from the lowest to the 
highest, while the same number represents the same 
priority. 
Table 1  Geometric computation operators and priority 
definitions 
Number Type Operator Significance Priority
1 − Reverse vector or direction 3 
2 cfx,cfy,cfz Fetch the component of point or direction 6 
3 Val Fetch length component of geometric object 6 
4 ( Left parenthesis 1 
5 
Unary 
) Right parenthesis 0 
6 + Plus operation upon points,vectors and directions 2 
7 − Minus operation upon points, vectors and directions 2 
8 * Calculate the intersection between geometric objects 4 
9 * Compute cross product between two vectors 4 
10 * Calculate projection of point onto vector, line or plane 4 
11 & Compute the included anglebetween two directions 4 
12 & Construct a vector 4 
13 
Binary 
** Compute the distance between two geometric objects 5 
 
In Eq.(17), the type of g depends upon the opera-
tional result of ψ. For example, if “v=B−A”, where A 
and B are two points, v represents a direction accord-
ing to the definition of minus (−) in Table 1. 
The above definitions show that geometric formula 
can cover the expression and computational capabili-
ties of numerical expression, and the former can sub-
stitute for the latter accordingly. Moreover, with fur-
ther application and continuous simplification of proc-
ess conditions, the above “operands” and “operators” 
can be added to increase the expression and computa-
tional capabilities of geometric formula. 
3.2. Location transformations 
As for mathematical significance, the structure of 
operator L is  
L T M= D  
where “ D ” is composite operator used to compound 
one process from two processes shown as follows: one 
is space mapping M, i.e. add its own design space of 
component to an assembly space and let the design 
coordinate systems of the two spaces become coinci-
dent; the other is geometric transformation T, viz. 
regulate the position and orientation of components 
through geometric transformation in assembly space. 
As for monadic-vector location, T is defined and ex-
pressed by the process shown in Fig.1. 
1 2 t 1 1 1 r 1 r 2( , ) ( , , ) ( ) ( )
z xT b b x y z θ θ= − − − ⋅T T T  
r 3 r 4 t 2 2 2( ) ( ) ( , , )
x z x y zθ θ− −T T T        (18) 
where 1 1 1 1 1 1 1 1 1( ( , , ), ( , , ))x y zb x y z d d dP D and 2 2 2( ( ,b xP  
2 2 2 2 2 2, ), ( , , ))x y zy z d d dD are the bases of component 
after located and before located respectively, and the 
geometric significance of every transformation matrix 
is shown in Fig.1. tT , r
zT and r
xT are sequentially 4×4 
matrix of 3D translation, rotation transformation ma-
trixes around Z and X axes. 
 
Fig.1  Monadic-vector L operator. 
As for binary-vector location, T is defined and ex-
pressed by the procedure shown in Fig.2, which can be 
expressed as  
1 2 t 1 1 1 r 1 r 2( , ) ( , , ) ( ) ( )
z xT b b x y z θ θ= − − − ⋅T T T  
r 3 r 4 r 5 r 6( ) ( ) ( ) ( )
z z x zθ θ θ θ− − −T T T T t 2 2 2( , , )x y zT   (19) 
where b1(P1(x1,y1,z1), D1(dx1,dy1,dz1), D2(dx2,dy2,dz2)) 
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and b2(P1(x1,y1,z1),D3(dx3,dy3,dz3),D4(dx4,dy4,dz4)) re-
spectively express component bases before located and 
after located, and the geometric significance of every 
transformation matrix is shown in Fig.2, where N1 and 
N2 represent the base direction, D1 and D2 the two 
components of direction vectors before located, D3 and 
D4 the two components of direction vectors after lo-
cated, 1 ( 1,2, ,8)
iN i = "  is the intermediate result dur-
ing transformation, ( 1,2;  1,2, ,8)jiD i j= = "  the in-
termediate result of D1 and D2 respectively, and 
( 1,2, ,6)i iθ = "  is the rotary angle around axis. The 
definition of tT , r
zT and r
xT is similar to that defined 
in Eq.(18). 
 
Fig.2  Binary-vector L operator. 
In this way, the method for calculating component 
after located is R MD  
[ ] [ ] 1 21 1 ( , )x' y' z' x y z T b b=  
where point P(x,y,z) and P′(x′,y′,z′) are the positions of 
component before and after located, T(b1,b2) is shown 
in Eqs.(18)-(19). 
4. Implementation and Application of Algorithms 
4.1. Base structure 
In order to perform automatic location of compo-
nents, on the basis of original semantic models[15], ex-
pression capacity of component base is expanded, and 
some semantic units such as objective base and objec-
tive base formula are added. According to base nor-
mal forms (shown in Eqs.(5)-(6)), BNF structures of 
modified and new added model units are defined as 
follows. 
(1) Component base. Its BNF structure is 
〈Component base〉::=BASE:[〈Locating point〉[,  
〈Direction of X-axis〉 [,〈Direction of Y-axis〉]]]; 
where the locating point and directions are represented 
by the sequence composed of their component nu-
merical computation equations. The definition and 
computational algorithm for numeric expression can 
be seen in detail in Ref.[16]. 
(2) Objective base. Its BNF structure is 
〈Objective base〉::=LOCATION:[〈Base point〉| 〈Na- 
me of Base point〉[,〈Direction of X-axis〉|〈Name of 
X-axis〉 [,〈Direction of Y-axis〉|〈Name of Y-axis〉]]]; 
where two types of base components definition are 
provided: 1) directly define geometric formula of base 
components in the above structure; 2) simply define 
the formal objects of base components and identify 
them with “names” (for example “name of base point”, 
“name of X-axis” and “name of Y-axis”), while calcu-
lational method of every formal object is defined in 
“objective base formula (LOCDEFINITION)”. 
(3) Objective base formula. Its structure is defined 
as 
〈Objective base formula〉::=LOCDEFINITION: 
[〈Object name〉=〈Geometric formula〉| 
if (〈Numerical condition〉) 〈Object name〉= 
〈Geometric formula〉{, 
else if (〈Numerical condition〉)〈Object name〉= 
〈Geometric formula〉} 
else 〈Object name〉=〈Geometric formula〉{, 
〈Object name〉=〈Geometric formula〉| 
if (〈Numerical condition〉)〈Object name〉= 
〈Geometric formula〉{, 
else if (〈Numerical condition〉)〈Object name〉= 
〈Geometric formula〉} 
else 〈Object name〉=〈Geometric formula〉}]; 
where “Object name” involves “point name” and “di-
rection name” defined in “objective base”, together 
with every “intermediate object name” introduced in 
its calculation procedure. An algorithm inside the 
above structure is called conditional geometric formula 
with the following structure: 
if (〈Numerical condition〉) 〈Object name〉= 
〈Geometric formula〉{, 
else if (〈Numerical condition〉)〈Object name〉= 
〈Geometric formula〉}[ 
else 〈Object name〉=〈Geometric formula〉]; 
4.2. Algorithms for base calculation 
It can be seen from objective base formula that 
computation of conditional geometric formula is criti-
cal and the flowchart is shown in Fig.3. The type of 
input formula is firstly judged. If it is a conditional 
geometric formula, it needs to be decomposed to con-
struct a set of binary groups (conditions and formulas). 
And then this set of binary groups is progressively 
calculated and judged according to their conditional 
components. If the judgment result is true, the corre-
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sponding formula is calculated, and the operational 
result represents the calculational result of input for-
mula. As for those unconditional input formulas, just 
directly turn to calculate geometric formula. “A” in 
Fig.3 respresents the result of geometric formula of 
input formula; while “B” shows that the computational 
results of all conditions in conditioned geometric for-
mula is not calculated, and the output is null accord-
ingly. The run time of this algorithm is determined by 
the condition number of conditional geometric for-
mula, viz., if conditional geometric formula is com-
posed of n conditions, the relevant run time of this 
algorithm is T(n) = tn, where t is to compute and esti-
mate the average time of every condition. Accordingly, 
the upper bound of this algorithm is O(n). 
 
Fig.3  Flowchart of base calculation. 
In the calculation flow mentioned above, calculation 
of geometric formula is fundamental. Similar to calcu-
lation of numerical computation equation[16], computa-
tion of geometric formula is divided into two steps.  
1) Preprocess of formulas. Traverse all the geometric 
formulas represented by infix and convert them to 
those represented by suffix based on the priority of 
operators defined in Table 1. The algorithm flow is 
shown in Fig.4. 2) Calculation of suffixal formulas. 
Taking operators as core and based on their mathe-
matical semanteme, perform operation upon operands. 
As operands in geometric formula are featured by mul-
tiple types and multiple structures, operands of differ-
ent types have been normalized as the following struc-
ture: 
(id, ( , , ), ( , , ), )x y zg x y z d d dP D v  
The geometric significance of every component is 
shown in Table 2. As for the same operator, if the types 
of operands are different, their mathematical se-
mantemes are also different. For instance, as for op- 
 
Fig.4  Generative algorithm for suffixal geometric formula. 
erator “*”, three types of semantemes are defined in 
Table 1. With further application, the significance of 
all the operators can be enriched. The run time of this 
algorithm rests with the length of “expression”, n, and 
is linearly correlated with n; accordingly, the time 
complexity is O(n). 
4.3. Applications 
Developed on common CAD platform Catia, JigI-
CAD provides 3D modeling functions such as intelli-
gent design and assembly of components for manu-
facturing industries such as aircraft and automobile. Its 
main functions include rapid design of non-standard 
parts, 3D parametric model definitions of stan-
dard/typical components, 3D parametric model man-
agement of standard/typical components, rapid design 
and assembly of components and typified structures. 
The structure and algorithms proposed above have 
been implemented in the development of JigICAD 
system, and applied to intelligent design for typical 
components of numerical control machining fixtures  
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Table 2  Normalization definitions of geometric operands 
 
for aircraft structural parts. 
The clamp shown in Fig.5 is one of the most com-
monly used components in numerical control machin-
ing fixtures for aircraft structural parts. The general 
design procedure of these clamps with current CAD 
software such as Catia includes four steps. 1) Accord-
ing to two process conditions, “mounting hole” and 
“clamping face”, interactively measure the correlative 
dimensions to determine the spatial orientation rela-
tion, and calculate the modeling parameters and speci-
fications of all the parts and components; 2) Interac-
tively complete 3D modeling of every part as well as 
load and modeling of components in succession. Then 
define the location constraints between these parts and 
components, and preliminarily establish the integral 
assembly model of clamp; 3) Define the main assem-
bly constraints between clamp and workpiece to locate 
and assemble clamp; 4) Interactively measure the dis-
tance between mating surfaces of clamp and work-
piece, and adjust the location relationships and dimen-
sions between inner parts and components to guarantee 
the coincident relations between these mating surfaces. 
Therein, the first, the second and the fourth procedures 
are intricate and require great interactive workload, 
which are the key chains to determine fixture design 
load and efficiency. 
 
Fig.5  Rapid design for typical components. 
If design this clamp with JigICAD, the procedure is 
as follows. 1) Interactively specify the two process 
conditions “mounting hole” and “clamping face” on 
workpiece; 2) Automatically calculate the parameters 
of modeling, specifications of parts and components as 
well as the location relationships; 3) Successively and 
automatically load, model and locate parts and com-
ponents to establish the integral assembly model;    
4) Automatically implement location and clamping. It 
is obvious that the first step is completed by manual 
work and the others are automatically implemented by 
the system. Both the location relationships between the 
parts and components inside the clamp and the clamp-
ing relationships between clamp and workpiece are 
implemented by the principles and algorithms pro-
posed in this article. 
As for the fixture shown in Fig.6, comparing with 
the method directly designed with Catia V5 system, if 
designed with JigICAD system, interactive time (in-
cluding clicking mouse and typing) is decreased 
around 450 times, and the entire design time is less 
than a tenth of that using the former. As a result, while 
designing similar fixture in the future, designers may 
only concentrate their limited time and mind on opti-
mal layout of fixture structure to effectively control all 
kinds of factors such as machining deformation of 
large structural parts of aircraft, which severely affect 
manufacturing quality. 
 





type id x y z dx dy dz 
v 
1 Numerical value −1 Null Null Null Null Null Null 
Num-
ber 




value Null Null Null Null 
3 Direction 1 Null Null Null x direction value y direction value z direction value Null 
4 Vector 2 
x coordinate 
value of staring 
point 
y coordinate 
value of staring 
point 
z coordinate 
value of staring 
point 
x direction value y direction value z direction value Null 
5 Line 2 
x coordinate 
value of staring 
point 
y coordinate 
value of staring 
point 
z coordinate 
value of staring 
point 
x direction value y direction value z direction value Length





x value of normal 
direction 
y value of normal 
direction 
z value of normal 
direction Null 





x value of axial 
direction 
y value of axial 
direction 
z value of axial 
direction Diameter
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5. Conclusions 
In the process of 3D design of products and their 
manufacturing tooling, loading and locating compo-
nents is one of common interactive operations, and it is 
also an important factor to affect design efficiency of 
products and tooling. Integrated with the research on 
intelligent design techniques of products and tooling, 
specialized deep investigation has been made espe-
cially on this subject. The research achievements in-
clude: (1) by using proposed principles and methods 
for automatic locating components, components can be 
transformed from their design space to assembly space 
so as to be accurately located; (2) with developed al-
gorithms for automatic location of components, viz. 
calculation of base, automatic location of components 
can be accomplished. The achievements have been 
applied to JigICAD with good effect which verifies 
that the principles, methods and algorithm are right. 
Automatic selection and load of component is the 
key of future studies, and in-depth investigation will 
be made based on the current research. 
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